Anthropic arguments of Carter, Carr, and Rees give two approximate power-law relations between the elementary charge e, the mass of the proton m p , and the mass of the electron m e in Planck units: m p ∼ e 18 , m e ∼ e 21 . A renormalization group argument of mine gives e −2 ≈ −(10/π) ln m p . Combining this with the Carter-Carr-Rees relations gives e 2 ln e ≈ −π/180.
Introduction
A goal of physics is to predict as much as possible about the universe. (Here I mean 'predict' in the sense of deducing from theories and assumptions about the universe, whether or not the result of the prediction has been known by observation temporally before the prediction is made.) One part of this goal would be to predict the observed constants of physics, such as the mass and charge of the proton and of the electron, and the cosmological constant. A second part would be to make approximate predictions of astronomical parameters, such as the masses, sizes, luminosities, and lifetimes of stars, and the masses, sizes, and temperatures of habitable planets. A third part would be to make rough predictions of parameters of observers, such as typical sizes for ones in some ways like humans.
The fondest hopes of many physicists would be to find a theory that predicts all the constants of physics precisely, and perhaps also the cosmological parameters. One might expect that observers would exist for some range of times within the universe and so not expect absolutely precise predictions for t obs .
For a time it was hoped that superstring/M theory would be a predictive theory of this type, ultimately leading to precise predictions of all the constants of physics (since superstring/M theory has no fundamental adjustable dimensionless constants for the dynamical theory, in distinction to such things as vacuum expectation values whose freedom can be considered to be part of the initial or boundary conditions). Some physicists, such as David Gross, continue to hold out this hope.
However, it has been discovered that superstring/M theory appears to have an enormous landscape of possible vacua [1, 2, 3, 4] If the constants of physics turn out to be analogous to cosmological parameters in that they are determined by initial conditions, it might seem rather hopeless to try to predict them, unless one can get a definite theory for the initial conditions. However, the superstring/M landscape appears to have the property that there can be transitions between huge sets of the different vacua, so that perhaps some simple sets of initial states can lead to fairly definite distributions of vacua and hence of the sets of constants of physics. This could then lead to predictions of the statistical distribution of the sets of constants of physics. Nevertheless, this distribution is complicated by the fact that different vacua are expected to lead to different numbers or different distributions of observers and observations, so that the statistical distribution of observations has an observership (or 'anthropic') selection effect that modifies the original distribution of the sets of constants of physics. There is the further complication that the numbers of observations for each vacuum can be infinite, leading to the necessity of performing some regularization of the results and the corresponding 'measure problem' [5] . There are many competing proposals for solving the measure problem which lead to different statistical distributions of the sets of constants of physics, but so far no single proposal is so compelling that it has become universally accepted.
Here I do not wish to go deeper into this controversial issue but point out how one can use anthropic arguments for approximate relations between the mass and charge of the proton and of the electron to get definite approximate predictions for their values, and then further anthropic arguments can be used to get approximate values for many other parameters of physics, astronomy, and even biology. These approximate values can be obtained from purely mathematical equations, using no input from observed parameters that are other than integers (such as the number of generations of quarks and leptons, and the number of dimensions of space, which are not yet predicted by these arguments). Because constants like the cosmological constant are more than a hundred orders of magnitude away from Planck values, it is far too much to expect the approximate relations to give predictions with small relative errors for the quantities themselves, but for the logarithms the predictions are very close to the observed values, generally within the order of a percent. 
Planck units

Observed Physical and Astronomical Parameters
We can now express some of the observed constants of physics [6] A possible mnemonic is that (1 + 1/160 000 000)/137.036 is within the present experimental uncertainty for the fine structure constant α = e 2 , which has a relative uncertainty of 2.3 × 10 −10 , 200 000 times smaller than the relative uncertainty in Newton's gravitational constant G.
Note that here and henceforth I shall always use e as the value of the elementary charge and not for the base of the natural logarithms. If I wish to write the exponential of x, in this paper I shall write it as exp (x), and not as e x , since here e x will always mean the value of the elementary charge raised to the power x.
Proton mass m p = is the basis for the fact that a kilobyte has roughly a thousand bytes and the fact that a musical interval of four semitones in equal temperament is fairly close to a perfect major third with simple rational ratio 5/4. Therefore, within the experimental uncertainties, the electron mass in Planck units is the square root of the proton mass multiplied by the sixth power of the fine structure constant and divided by the landscape comma. Other than the correction by the division by the landscape comma, this is the result of the rather remarkable coincidence (but surely just a coincidence) that
, with the exponent very near unity, but still almost 8 standard deviations away from unity in terms of the present observational data.
To get a relationship that is within the uncertainties without using the landscape comma, one Therefore, within its observational uncertainty, the cosmological constant is 3π divided by 5 3 2 400 , without, in this case, needing to multiply or divide by any small musical intervals or commas. This further leads to the simpler and more easily memorized approximation for the Gibbons-Hawking entropy of the asymptotic empty de Sitter spacetime toward which our part of the universe appears to be headed, S Λ = 3π/Λ ≈ 5 3 2 400 ≈ 3.23 × 10 122 . One can then work backwards from this to get Λ ≈ 3π 5 −3 2 −400 in Planck units, with the current uncertainty in the cosmological constant (about 3.2%) sufficient in this case to avoid needing to multiply by any small comma to get agreement with observations.
It will be interesting to see how many years pass before e, m p , m e , t 0 , and Λ are known with sufficiently improved accuracy that the mnemonic approximations above, which are just that and are not to be interpreted to have any fundamental significance for their present agreement with observations, will need to be replaced by improved approximations in order to fit the new data.
We can further write various observed Solar System parameters in both conventional units and in Planck units: 
Approximate Anthropic Formulas for the Mass and Charge of the Proton and Electron
Brandon Carter [10, 11, 12] , who first used the phrase "anthropic principle" around 1973, has argued that our existence as observers is favored by certain ranges of the parameters of physics and astronomy, so that if there is a ensemble of many different sets of values, we might expect to observe the parameters to be within favored ranges. He calculated many such favored values that I shall use here, along with the results of others such as Bernard Carr and Martin Rees [13] , William Press [14] , and Press and Alan Lightman [15] . These predicted that the proton mass m p and the electron mass m e should be approximately equal to definite powers of the elementary charge e (the charge of the proton, which is assumed to be the negative of the charge of the electron, as predicted by certain Grand Unified Theories).
In order that nuclei apparently necessary for life as we know it to exist, Carr and Rees [13] , following similar suggestions by Carter [10, 11, 12] , showed that one needs m e /m p ∼ 10 e 4 . To avoid numerical factors like 10, I shall replace it by its approximate equivalent e −1 , giving m e ∼ m p e 3 .
Carter [10, 11, 12] , and also Carr and Rees [13] , argued that life might require (or at least be favored by) the existence both of stars that transmit their energy outward by convection (which might be favorable for planetary formation) and by stars that transmit their energy outward by radiative transfer (which is favorable for the formation of supernovae that produce the heavier elements apparently needed for life A renormalization group analysis [16] was able to derive the relation [17] 
Then setting m p ∼ e 18 leads to an equation approximately determining e: e 2 ln e ≈ −π/180.
An interesting mnemonic is that the right hand side is the negative of the number of radians in a degree. (However, surely this is just a coincidence, depending on the historical accident that the Babylonians divided a circle into 360 degrees, using 60 as a humanly convenient counting number perhaps arising from the product of the number of fingers on one human hand and the number of phalanxes on the non-thumb fingers of the other hand). This gives ln R * a / ln R ⊙ = 1.013710,
The fraction of a star's mass-energy that is converted to radiation during its lifetime is roughly m e /m p ∼ e 3 , which is very roughly the nuclear binding energy per nucleon of the heavier elements produced by stellar nuclear burning. Therefore, the total energy converted to radiation by a star of
Then a typical star with luminosity L * ∼ e 24 ∼ m
. This is precisely the same power of e that we found was an excellent approximation for the age of the universe when multiplied by the magic comma that is 3125/3072 ≈ 1.0172526.
One might expect that typical observers would exist at rather random times during the lifetime of the star that supports them, so that a typical observed age of the universe would be t 0 ∼ t * .
Therefore, let us take an anthropic estimate of the observed age of the universe to be
pa ≡ e −57 a = 2.1746 × 10 61 = 37.15 Gyr = 2.6920 t 0 .
The factor of 2.6920 is mainly due to the factor (e/e a ) 57 = (1.01783410136) 57 = 2.738979912; even though the anthropic estimate e a for the elementary charge is within 1.8% of the observed elementary charge, raising it to a power of large magnitude, such as −57, does lead to a relative error of the anthropic estimate for the age of the universe that is a bit more than a factor of 2. However, on a logarithmic scale, the disagreement is much less:
ln t 0a / ln t 0 = 1.007061, with relative difference only 0.7%.
Note that this anthropic argument gives a partial explanation for the exponent of the elementary charge e that occurred in the empirical mnemonic approximation for the age of the universe as the magic comma divided by the 57th power of the elementary charge, but it does not explain why one only needs to multiply this power by a factor as close to unity as the magic comma. The latter fact is surely just a numerical coincidence.
One might note that Raphael Bousso, Lawrence Hall, and Yasunori Nomura [18] have predicted that both t Λ and t obs (as well as the times of galaxy structure formation and galaxy cooling) should be roughly α 2 /(m 2 e m p ), which with my anthropic estimates comes out to be e −56 a , which is one power of e a smaller than my estimates above, but very close on a logarithmic scale.
Another cosmological parameter, presumably a constant of physics in our part of the universe, is the energy density of dark energy, which has an approximate observed value of
58 m p /m 3 , or about the rest-mass energy of 3.6 protons per cubit meter.
(The total mass density of the present universe is about 13/9 times this, or about 5.2 protons per cubic meter [19] .)
One might further expect the energy density of the dark energy to be ρ Λ ∼ 1/t 2 0 , so an anthropic value is ρ Λa ≡ t The logarithm of this apparent constant of physics thus has a relative error of only about 0.2%.
(More strictly, I should say the real part of the logarithm, since anthropic arguments so far do not predict the sign of the dark energy density, so it would be anthropically acceptable for the logarithm to include an additive term of πi.)
A crude anthropic estimate for the 4-volume of the observable universe, the part within our past light cone, is 4-volume ∼ e The last factor in parentheses, 3 × 10 23 , is an observational estimate for the number of stars in the observable universe. One reason that it is over 7 times larger than the anthropic estimate is that there are more stars of smaller mass, so that the average mass of a star is rather less than the Landau mass m It is interesting that the the crude anthropic estimate for the gravitational wave strain from colliding black holes across the universe agrees with the crude anthropic estimate for the reciprocal of the number of stars in the observable universe, and that this estimate is the same as that for the mass of the electron in Planck units, which is approximately the 21st power of the elementary charge.
Approximate Anthropic Estimates for Properties of Biology and Habitable Planets
Now let us focus on biological properties and properties of habitable planets.
Observed normal human body temperature is about 37 C or
Press [14] , and also Press and Lightman [15] , have estimated biological habitable temperatures (not so low that they freeze and not so high that they cook) as This is about 88 C, which is bit too hot for humans (though not for some life on Earth), but in Planck units the logarithm is only off from that of the observed normal human body temperature by about 0.2%:
ln T h / ln T ⊕a = 1.002269.
Press [14] , and Press and Lightman [15] , used the requirement that we breathe an evolved planetary atmosphere, meaning that at the temperature T h , hydrogen will have mostly escaped from the planet, but not heavier gases such as oxygen. This leads to a gravitational potential at the surface of the planet of mass M and radius R to be M/R that is just a few times T h /m p ∼ e 9.5 , say M/R ∼ e 9 .
Then one notes that
0 ∼ e 87 . Solving these relations gives anthropic estimates for the radius, mass, acceleration of gravity, and satellite orbital speed of a habitable planet as This estimate for the length of the day is of course too low because the Earth has lost a significant fraction of its spin angular momentum, most particularly by tidal friction that transfers angular momentum to the Moon, and perhaps early in the Earth-Moon evolution, also to the orbital angular momentum of the Earth-Moon system around the Sun.
For the Earth surface to be at temperature ∼ T h ∼ T ⊕a ≡ e 27.5 a while the surface of the Sun is at temperature ∼ T * a ≡ e
26.5
a , a temperature greater by a factor of e −1 a = 11.915 (within a factor of 2 of the actual temperature ratio 5772/288 = 20.04), the Earth should be at a distance r ≈
2 . Dropping the factor of 1/2 and using the anthropic estimates R ⊙ ∼ R * a ≡ e Then The idea is that as the Moon orbits the Earth, it provides tidal friction and torque on the Earth that increases the Moon's orbital angular momentum
is the Moon's orbital velocity under the simplifying assumption that the orbit is circular.
The tidal force per mass of the Moon on masses on opposite sides of the Earth, separated by 2R ⊕ , is 4R ⊕ GM m /r 3 . Since I am using Planck units, I shall continue to set G = 1. This tidal force raises a tide on the Earth by a height of the order of the radius of the Earth multiplied by the ratio of this tidal force to the Earth's acceleration of gravity,
The amount of mass in this tide will be of the order of (
Assuming that the spin angular velocity of the Earth is sufficiently greater than the orbital angular velocity M m /r 3 of the Moon that the line between high tides on the opposite sides of the Earth is twisted by an angle of the order of unity (in radians) from the direction to the Moon, then the torque exerted by the Moon will be of the order of the tidal force of the Moon on the tide, multiplied by the radius of the Earth, or
The time it has taken for the Moon to move out to its present radius, which is very nearly t SS since the Moon apparently formed shortly after the solar system did, is roughly the orbital angular momentum of the Moon divided by this torque, or of the order of unity, one gets an estimate for the age of the solar system that is 2.95 Gyr, which is about 65% of the actual age but again within a factor of 2 of the correct answer. 
The relative error for t pa is larger than for t ma because M ⊕ /M m comes in with exponent +1 for t p rather than with the exponent −3/13 that is much closer to zero that it has for t m . In fact, including the factor M ⊕ /M m ≈ 81.3 for the Earth-Moon system would make (M ⊕ /M m )t pa = 6.089 t p , now too large.
Approximate Anthropic Estimates for the Tallest Running Animal
Press and Lightman [15] estimate the peak power output of an animal of temperature T and height h to be limited by the cooling rate which they estimate as P ∼ CT h, where they estimate the conductivity as C ∼ m 2 e e 6 (m e /m p ) 1/2 . The anthropic estimates of Carter [10, 11, 12] and of Carr and Rees [13] would then make C ∼ e 49.5 . Since this is just an order-of-magnitude estimate, for later convenience when combined with other anthropic estimates, I shall round the exponent down to 49
and define my anthropic estimate for the conductivity to be C a ≡ e 49 a . Now I shall equate this to the power expended during running for the tallest land animal (e.g., a giraffe) [20] , which for an animal of mass m ∼ ρ H 2 O h 3 and height h running at speed v Press and Lightman estimate to be P ∼ mv 3 /h, using up energy ∼ mv 2 during each stride time ∼ h/v.
Going beyond Press and Lightman [15] , I assume that the running speed v is roughly the speed of a pendulum of length h undergoing large-amplitude oscillations, so v ∼ √ g ⊕ h.
Today the tallest running animal on Earth is a giraffe, for which the tallest recorded had a height h g = 5.88 m = 3.64 × 10 35 .
Equating P ∼ mg 
Conclusions
Therefore, if we take the two anthropic power-law relations Brandon Carter [10, 11, 12] , and Bernard
Carr and Martin Rees [13] , found between the elementary charge e and the masses of the proton m p and electron m e , and combine them with the logarithmic renormalization group relation I found [17] , one gets unique anthropic estimates for the elementary charge e as the smaller solution of a . Then one can use both old and new physical, astronomical, and anthropic arguments to get estimates of the masses, sizes, and times of such things as atoms, giraffes, the Earth, the Sun, the day, the month, the year, the Earth precession time, the age of the solar system, and the age of the universe. In Planck units, the estimated logarithms of these quantities are usually within a few percent or less of the observed quantities.
Another proposal [22, 23, 24] is that the huge size of the universe, and the tiny value of the cosmological constant, is related to the number of vacua in the landscape. This might be so, but the absolute value of the common logarithm of the cosmological constant is just a bit more than 120, whereas the usual number given as an estimate for the common logarithm of the number of vacua is 500 (which might itself be an underestimate by a large factor). So at present it appears that the logarithm of the number of vacua may be more than four times the logarithm of the inverse cosmological constant, more than 400 times the error in the estimates of the logarithm of the inverse cosmological constant from the anthropic considerations given in this paper. Of course, the arguments used in this paper are more complex and depend more specifically upon the observed structure of the effective laws of physics in our part of the landscape than the more generic arguments of the competing proposal, so one might hope that such a simpler explanation would be viable. However, the success of the present anthropic arguments for giving good estimates for the logarithms of the size of the universe and other structures within it suggests that there may be a strong anthropic weighting toward universes that have the anthropic relations that Carter, Carr, Rees, Press, Lightman, Bousso, Hall, Nomura, and others have discovered, along with the renormalization group properties I have found that allows one to convert those anthropic relations to definite predictions of the size of the observable universe and its parts. 
